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18 Presentations, LOTS of Discussion

1. Welcome and Overview – Mike Harrison
2. Overview of LHC Diagnostics and Diagnostics Commissioning - Rhodri Jones
3. Results from the TW Pickup at FNAL - Andreas Jansson
4. Results from the TW Pickup at SPS – Maria Elena Castro Carballo
5. Results from the cavity pickup at RHIC – Al Dellapenna
6. Specification for the LHC TW Pickup - Fritz Caspers
7. Design and Expected Performance of the LHC TW Pickup - Ralph Pasquinelli
8. The LHC Tune/Chromaticity/Coupling Specification - Rhodri Jones
9. Direct Diode Detection and Results from SPS - Marek Gasior
10. Results from FNAL - 3D and 21.4MHz - C.Y. Tan
11. Results from BNL - Homodyne, 3D, and 245MHz - Pete Cameron
12. 60Hz Lines – C.Y. Tan
13. 60Hz Lines – Pete Cameron
14. Coupling Measurement and Correction - Yun Luo
15. Tune, Coupling, and Chromaticity in Light of LHC Requirements - Pete Cameron
16. AFE and digitizer board – Marek Gasior
17. The DAB board – Rhodri Jones
18. Integration with Magnets - Carl Schultheiss
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Comparison - HFS and TW

• High Frequency Schottky
• must take filling factor into consideration
• ff ~ bunching freq/cavity freq 
• under most favorable conditions (120 bunch fill pattern), 

effective Q is ~20

• Travelling wave pickup effective Q is ~20!
• in addition, this Q is available single bunch, unlike HFS, where

Q~1 single bunch
• bandwidth ~100MHz permits bunch-by bunch measurement
• also permits abort gap measurement
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BNL Role in LARP TW Schottky?

• Data Acquisition and Processing
• Present FNAL architecture is gate before HP DSA
• Considerable overhead involved in importing system as it stands into LHC 

operations
• BNL is learning LHC-standard DAB board for PLL
• SNS BPM mezannine card for DAB board gives continuous bunch-by-bunch 

from TW pickup
• BNL role - provide DAQ and help integrate into LHC Control System

• The SPS TW pickup
• designed at FNAL, built at CERN, installed in SPS for studies
• Studies complete, pickup offered to BNL for installation in RHIC
• closed orbit offset electronics also available
• Pickup is directional, installation in common beampipe would permit to 

observe both beams bunch-by-bunch with Q~20
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Chromaticity Effect on PLL
• Conclusion from chromaticity study (and years of 

experience with beam) is that 245MHz PLL tune 
measurement comfortably copes with a large range of 
chromaticity (resonantly excites low δp subset of 
momentum distribution) 

• Chromaticity control is not an issue for 245MHz PLL 
tune measurement and tune/chrom feedback – further 
study required for baseband system, but we expect 
similar behavior

• Chromaticity control is an issue primarily in the usual 
operational sense – line broadening and resonance 
overlap
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Summary of Chromaticity
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Chrom Ramp 6381
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Chrom Refinement

• Measurement 'runaway' scenario
• significant PLL phase error during chrom measurement
• chrom correction too small
• tune mod due to chrom larger than previous measurement, phase 

error larger, chrom error larger
• repeat

• The fix  
• use more than depth of tune modulation in chrom correction
• include PLL phase error in chrom correction
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Chrom Conclusion

• Chrom spec is actually a spec on ability of tune measurement to 
track modulation due to chrom, in the presence of other sources 
of tune modulation (preference is to not have modulation for 
coupling measurement)

• Baseband sensitivity to chrom may be stronger than what we see 
in 245MHz system - full momentum distribution is excited

• Inclusion of phase error in chrom correction is essential, will be 
tested at RHIC asap

• Examine effect of non-lin chrom
• Preliminary indication is that we can meet the spec 
• Effect of chrom modulation on orbit feedback must be resolved
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Coupling Conclusion

• Coupling correction is essential for tune feedback
• Sufficient attention has not yet been given to this problem
• Coupling must be measured on the ramp

• best method is to measure eigenmode projections? non-perturbative
• Coupling feedforward is essential, at least until it is under control. 

• Does this require additional PLL receivers?
• Interface between eigenmode buffer from latest ramp to ramp 

manager for next ramp must be in place - this is a CERN 
responsibility

• Possibility of coupling feedback merits investigation
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Summary/Action Items

• 60Hz
• Coupling

• better spec
• measurement and correction method (robust possible?)
• interface to Ramp Manager for feedforward
• feedback?

• Chromaticity
• include PLL phase error in feedback loop
• magnitude and effect of non-linear chrom?

• tune - interface to ramp manager for feedforward
• Damper - confirm BBQ resolution < 100nm
• Orbit Correction - confirm 2Hz operation acceptable
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3D Ramp - 1 Jan 05 

dominant 
spacing 
is 360Hz

60Hz onset
60Hz end

IPM every
100 turns?
(780 Hz)
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Million Turn BPM 1 - vertical!

million turn near transition

3D near transition
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40dB

the 
same 
40dB

300 micron 10Hz 
cryostat vibration  
(0dB) 60Hz (-20dB)

betatron line (-35dB)720Hz x 14 (-60dB)

720Hz lines
previous 

slide

estimate ~5µ at betatron line
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Coupling Cameron -tunes 

changing bo6-qs10
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Effect of Coupling on Spectrum 

k = -.0008 k = 0
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spreadsheet 



TF Workshop Summary 14 Mar 05

Coupling Cameron - difference 

sum = -248sum = -5
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coupling 60Hz plot 

horizontal

vertical
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60Hz Conclusions

• 60Hz IS on the beam
• Statement of excellent sensitivity of BBQ (and 

million turn BPM)
• It is at baseband, will show up everywhere in the 

spectrum - we can't escape it
• High Priority - Carl Schultheiss - 720Hz balancing 

circuit
• Filtering is difficult
• Possible solution - park tune between lines 

(effective only with TF on)



TF Workshop Summary 14 Mar 05

18 Presentations, LOTS of Discussion

1. Welcome and Overview – Mike Harrison
2. Overview of LHC Diagnostics and Diagnostics Commissioning - Rhodri Jones
3. Results from the TW Pickup at FNAL - Andreas Jansson
4. Results from the TW Pickup at SPS – Maria Elena Castro Carballo
5. Results from the cavity pickup at RHIC – Al Dellapenna
6. Specification for the LHC TW Pickup - Fritz Caspers
7. Design and Expected Performance of the LHC TW Pickup - Ralph Pasquinelli
8. The LHC Tune/Chromaticity/Coupling Specification - Rhodri Jones
9. Direct Diode Detection and Results from SPS - Marek Gasior
10. Results from FNAL - 3D and 21.4MHz - C.Y. Tan
11. Results from BNL - Homodyne, 3D, and 245MHz - Pete Cameron
12. 60Hz Lines – C.Y. Tan
13. 60Hz Lines – Pete Cameron
14. Coupling Measurement and Correction - Yun Luo
15. Tune, Coupling, Chromaticity in Light of LHC Requirements - Cameron
16. AFE and digitizer board – Marek Gasior
17. The DAB board – Rhodri Jones
18. Integration with Magnets - Carl Schultheiss



TF Workshop Summary 14 Mar 05



TF Workshop Summary 14 Mar 05



TF Workshop Summary 14 Mar 05



TF Workshop Summary 14 Mar 05



TF Workshop Summary 14 Mar 05


